Abstract
Introduction
Pneumonia is one of the most common infections responsible for hospitalization. Until recently, though it was uncommon and infrequent cause of nosocomial pneumonia [1] , in the past decade, MRSA was among the most frequently identified pathogen causing different types of pneumonia worldwide [2] [3] . In fact MRSA now accounts for 20% -40% of pneumonia cases [1] .
According to American Thoracic Society, currently accepted classifications of pneumonia include community-acquired pneumonia (CAP), hospital-acquired pneumonia (HAP), health care associated pneumonia (HCAP) and ventilator-associated pneumonia (VAP) [4] . HCAP includes those patients who were hospitalized in an acute care hospital for two or more days within 90 days of the infection residing in a nursing home or long-term care facility with intravenous antibiotic therapy. HAP is defined as pneumonia that occurs within 48 to 72 hrs after hospital admission and that was not present at the time of admission. VAP refers to pneumonia that occurs 48 hours or more after endotracheal intubation [4] . Pneumonia developing outside of the hospital setting has traditionally been classified as community-acquired pneumonia (CAP) [5] . Epidemiological studies indicate that the prevalence of community-associated (CA)-MRSA infections is rising, though most involve skin and soft tissue infections [6] [7] . While the actual incidence of MRSA in community acquired pneumonia remains low, the incidence of MRSA in healthcare-associated pneumonia (HCAP) accounts for 28% of health care-associated cases [8] . MRSA accounts for 10% -40% cases of HCAP, HAP and VAP [1] [3] [5] [9] [10] . In United States, HAP is the second most common nosocomial infection and its risk increases 6 -21 folds in patients receiving mechanical ventilation [11] - [14] . It occurs at a rate of 5 -10 cases per 1000 hospital admissions and accounting 15% among all hospital acquired infections [11] [15] . Regardless of the type and setting, MRSA pneumonia is associated with significant morbidity and mortality [16] [17] . HAP carries a crude mortality rate of 30% to 70% with an estimated attributable mortality rate to pneumonia between 27% and 50% [4] .
Several studies [18] - [21] , demonstrated that MRSA infections were associated with prolonged hospitalizations, increased mortality and increased costs as compared with infections due to methicillin susceptible S. aureus. Along with these, reports [22] [23] have also suggested that in-appropriate and/or delayed antimicrobial therapy to patients with MRSA pneumonia results in increased mortality rates. Hence, it is very essential to assess the type of pneumonia and start with appropriate antimicrobial therapy empirically. Sadly, there are only few therapeutic options for the treatment of patients with MRSA infections. The primary option is intravenous vancomycin therapy which is the only antibiotic available for the treatment of MRSA pneumonia, because other antimicrobials including the fluoroquinolones and third generation cephalosporins are ineffective against MRSA [24] . Unfortunately, the cure rate for vancomycin has been disappointing [25] - [27] with high mortality rates [25] . However, comparatively decreased mortality cases were reported by Wunderink et al. [28] in a clinical trial study and attributed the decreased mortality rates to the optimized vancomycin dosing and overall improvement in the quality of care in patients with MRSA pneumonia. The decreased cure rates with vancomycin may be due to any previously reported reasons [24] [29]- [32] , which can limit the usefulness of vancomycin monotherapy [33] [34] . All these aspects accentuate the need for new antibiotics. A new antibiotic adjuvant entity of ceftriaxone + vancomycin is increasingly being used in Indian hospitals. Various reports of the in-vitro susceptibility studies [35] - [39] hint the possibility of this new FDC to overcome the hurdles of MRSA infections clinically. If effective in-vivo clinical success is achieved by this new FDC, it can be a potent alternative to vancomycin to treat infections caused by the multi-drug resistant MRSA strains. In view of the above aspects and to address these issues, a retrospective study was planned to analyze the case records of the multi-drug resistant MRSA pneumonia patients treated with vancomycin and FDC.
Materials and Methods

Study Design Overview
This study was a retrospective, observational analysis of the data collected from tertiary care hospital from years M. Shameem 786 2010 to 2014. The present study was carried out in accordance with the ethical principles of the Declaration of Helsinki and to the current norm for observational studies. Due to the retrospective study design, informed consent was not deemed necessary.
Patient Selection
The patients were selected by going through their case history sheets of the hospitals. Hospitalized patients aged above 18 years, who were admitted between March-2010 and October-2014 were considered for the study. The other criteria for patients inclusion were; 1) patients with final diagnosis of HAP, HCAP, CAP or VAP based on the clinical investigations and relevant signs and symptoms, 2) patients with baseline culture specimen positive for MRSA and 3) patients in whom either vancomycin or FDC were used empirically.
Patient Analysis
Case history sheets of all the patients were reviewed and relevant informations like patient age, gender, comorbidities, microbiology tests, antibiotic therapy, dose and duration, switch to the second line or considering additional cover and the reasons for the shift/additional cover and length of the hospital stay were recorded. Among all the case sheets analyzed, 113 patients which were given either vancomycin and FDC and fulfilled the other above mentioned inclusion criteria were included for the analysis. The antibiotic doses used in the therapy were 1 g/12hrs, 1.5 g/12hrs for vancomycin and FDC respectively. For colistin therapy, a loading dose of 9 MIU followed by BD doses of 4.5 MIU were used.
Initial Antibiotic Treatment and Outcomes
For better presentation and easy understanding (Figure 1) , the patients analyzed retrospectively were broadly divided in to two groups; Group G1-patients [59 (52.21%)] to whom vancomycin was administered empirically and Group G2-patients [54 (47.79%)] which are on empirical FDC therapy. Out of 59 patients from group G1, 37 (62.71%) patients (Group G1A) were diagnosed with pathogens susceptible to both vancomycin and FDC, where as remaining 22 (37.29%) patients were infected with cultures resistant to vancomycin and After the initial assessment (after 2/3 days) of the clinical progress (signs of recovery), the decision on whether to continue with empirical therapy or shift to other regime was taken. The patients (from Group G1A) showing improvement with empirical vancomycin were continued with the same antibiotic and the patients which failed to show any improvement were shifted to FDC. Patients (Group G1B) with infections diagnosed with vancomycin resistant and FDC susceptible culture infection, therapy was shifted to FDC. Among the patients in which FDC therapy was not effective (deterioration) were given an additional cover of colistin. Even though 33 patients from Group G2A were diagnosed with vancomycin susceptible infection, the empirical therapy was not deescalated considering the patients positive response (clinical improvement) to the empirical regimen (FDC).
Patient Evaluations and Definitions
All the Patients enrolled into the study were thoroughly evaluated by examining chest X-rays, culture and sensitivity reports (blood, endo-tracheal cultures, bronch-oalveolar lavage (BAL) specimens), hematology and biochemistry and other relevant investigations. All the investigations carried throughout study period were evaluated to correlate the clinical improvement of patient compared to baseline. All the evaluations were done to derive a co-relation of lab results with clinical parameters. All the lab parameters were tabulated to assess the change in lab parameters during the course of treatment. All the deranged parameters were compared with baseline parameters and finally evaluated for reason of derangement. The lab parameters were also evaluated to rule out any toxicity like nephro-toxicity during course of treatment. Minimum inhibitory concentrations (MICs) of antibiotics for clinical isolates were determined by microbroth dilution method according to the Clinical and Laboratory Standards Institute (CLSI). The assessment of microbiological response at patient level was based on the results of susceptibilities of the isolated pathogens and clinical outcome of the patients. The microbiological response was considered satisfactory/success when the original causative pathogen was completely eradicated or presumed to be eradicated (i.e. when patients were not available for microbial assessment and/or further sampling was not considered significant because of clinical cure/improvement). The response was considered unsuccessful/failure if the diagnosed pathogen persisted or presumed to be persisted or a new pathogen was isolated from the original site of infection during the study (super-infection).
Definitions
Clinical success: The patients response was considered as clinical success when, the patient recovered with either first line empiric antibiotic therapy or a step down from the initial therapy [40] . Clinical failure: An individual case was defined as clinical failure when either the treatment was switched to the second line antibiotics or when the death of patients occurs.
First line/empiric antibiotic therapy: It is defined as the regime started at the beginning before the availability of any cultural data.
Second-line antibiotic therapy: It is defined as the addition of one or more antibiotics to the initial regime or as a complete or partial shift of the initial antibiotic with another parenteral antibiotic regime.
Results
Patients and Demographic Characteristics
Out of 136 patients considered for the retrospective analysis, 113 patients were confirmed with MRSA pneumonia who met other study entrance criteria and hence were further analyzed (Figure 1) . The baseline and demographic characteristics of the patients which were given either vancomycin (n = 59) or FDC (n = 54) empirically are given in Table 1 . Most of the baseline characteristics among the patients from both the groups were comparable. Male population was more when compared to their counter parts in both the groups with male: female ratio of 37:22 and 32:22 for vancomycin and FDC groups respectively. The mean age of patients in vancomycin was 58.47 ± 14.67 and the same in patients belonging to FDC group was 59.85 ± 13.99. The analysis of the disease severity data measured in terms of APACHE II score reveals that irrespective of the groups, majority of 
Clinical Response
After retrospectively analyzing the case records of all the patients considered for the study, the clinical response of patients was represented as depicted in Figure 1 . The patients from both the groups were further divided in to two groups; first vancomycin and FDC susceptible (Group G1A and G2A) and second vancomycin resistant and FDC susceptible (Group G1B and G2B given as an additional therapy, to which 3 patients responded and 2 patients failed to respond. Lastly 16 (76.19%) among 21 patients from Group G2B which were on FDC therapy achieved clinical success with mean treatment duration of (8.5 days ± 0.51 (SD)). The remaining 5 patients were given an additional cover of colistin, which could generate positive clinical response in 3 patients and 2 patients did not responded to the therapy. Clinic response among the subgroups is depicted in Table 2 . The clinical response in all the sub groups followed a similar pattern as that of a overall clinical response. In patients who were diagnosed with pneumonia caused by vancomycin and FDC susceptible MRSA, the number of patients cured with FDC empirical therapy were significantly high as compared to vancomycin treated ones. Higher age resulted in lower cure cases (42.85% for ≥76 years patients) in vancomycin treated groups, where as the age did not have any significant effect on the efficacy of FDC (100% ≥76 years). Both the groups had lower cure rates in patients with higher APACHE II scores (Vancomycin-50%; FDC-75%). Both the empirical vancomycin and FDC treatment had higher cure rates in community associated pneumonia (80%; 100%) followed by health-care associated pneumonia, ventilator associated pneumonia and hospital acquired pneumonia. The co-morbidities did not have any significant impact on the clinical cure rates in both groups, though highest cure rates in vancomycin group were observed in patients with COPD (76.19) followed by patients with cardiac diseases and neurological disorders (75%), diabetes mellitus (72.72%) and least was observed in patients with kidney related diseases (66.66%). On the other hand, all the patients from FDC group with neurological disorders and kidney diseases achieved clinical success. High cure rates were also observed in patients with COPD (85.71%) followed by patients with diabetes mellitus (80%) and in patients with cardiac diseases (78.57%). However, the clinical response in the patients diagnosed with vancomycin resistant MRSA. All the 22 patients who were on vancomycin empirically showed deteriorating conditions and forced to shift to FDC therapy after microbiological susceptibility reports. However, the clinical response among all the subgroups in FDC group followed the same trend as that of patients belonging to Group G2A with slight variations in cure rates among the groups. The detailed clinical response in all the subgroups in line with the therapy regime in given in Table 2 .
Microbiological Response
The microbial responses evaluated at the end of the therapy were in line with the clinical responses of patients showed to the respective antibiotics. The microbial response evaluated in patients diagnosed with vancomycin and FDC susceptible cultures is depicted in Figure 2 . In vancomycin group, 64.84% patients had microbiological success (documented or presumed eradication) to empirical vancomycin therapy as compared to 84.84% of FDC treated patients. Super infection was documented in 5 patients (clinical failure before shift of therapy) out of 12 who had material for microbiological culture or documented persistence of MRSA. Among the remaining 8 patients, 7 patients achieved microbial success (presumed 4; documented 3) and the remaining one patient still persisted with MRSA. In 5 patients (FDC group) with documented persistence of MRSA, 3 patients (presumed 2; documented 1) achieved microbial success and 2 patients were tested positive for MRSA persistence. The microbial response evaluated in patients diagnosed with vancomycin resistant and FDC susceptible cultures is depicted in Figure 3 . In vancomycin treated group, no patient achieved microbial success (vancomycin resistant cultures) and hence were shifted to FDC. 18 (81.81%) out of 22 patients (from vancomycin group) and 16 (76.19%) out of 21 patients (from FDC group) treated with FDC achieved microbiological success. The remaining patients documented with MRSA persistence were given an additional cover of colistin. Among the 4 cultures from vancomycin group which were given colistin, 3 achieved microbial success, whereas the same treatment given in 5 patients from FDC group resulted in microbial eradication in 3 patients.
Discussion
Irrespective of the type of pneumonia, S. aureus is one of the major pathogens causing pneumonia. Incidences of pneumonia due to S. aureus have been increasing in the past couple of decades as evident through a study reported in National Nosocomial Infection Surveillance (NNIS) system. NNIS analysed over 410,000 isolates and reported that rates of S. aureus pneumonia cases had alarmingly increased from 13.4% in 1975 to 27.80% in 2003 [41] . Despite the implementation of effective infection prevention and control measures in some countries [42] [43] (which resulted in some decrease in MRSA infections), the burden of the MRSA respiratory infections remains alarming. Approximately 36,540 pneumonias attributed to MRSA were estimated to have occurred in US hospitals in 2005 [7] . In a study conducted in over 4500 pneumonia patients with documented culture positive reports, the most predominant pathogen was S. aureus. Among these patients MRSA accounted in 8.9, 49 and 14.6% patients with CAP, HAP and VAP, respectively [3] . In the study presented here, we come out with the retrospective analysis of data sheets for 113 patients diagnosed with different pneumonia like CAP, HCAP, HAP and VAP and treated with either vancomycin or FDC empirically. Depending on the susceptibility of the causative pathogen, the available treatment options for different pneumonia include 7 to 21 days of intravenous vancomycin, linezolid or clindamycin [44] . Vancomycin has been considered to be the reference standard for the treatment of invasive MRSA infections, as a result of its relatively clean safety profile, its durability against the development of resistance, and, for many years, the lack of other approved alternatives. In the present study, the results of the efficacy analysis for the antibiotics revealed that the clinical cure rates among vancomycin treated patients (G1A) was 64.86% with 13 (35.14%) patients failed to respond to the empirical vancomycin therapy. Among these 13 patients 5 patients showed complete treatment failure. Higher failure rates may be attributed to the false susceptible results obtained in in-vitro susceptibility testing or to the in-consistent efficacy of drug in in-vitro and in-vivo conditions. In Similar results were reported by Paul et al. [45] where 27% failure cases in severe MRSA infections treated with vancomycin noted. However, Wunderink et al. [28] reported very high failure rates (64.52%) in MRSA nosocomial pneumonia patients treated with vancomycin. Besides these, numerous studies have also reported emergence of vancomycin intermediate and vancomycin resistant S. aureus isolates. The main reasons attributed or hypothesized for the clinical failures of vancomycin treatment are loss of accessory gene regulator function in MRSA [46] and potential escalation of vancomycin MICs for MRSA [47] .
On the other hand FDC therapy (both empirical and shift of therapy) has better efficacy than vancomycin with cure rates of 81.81%, 84.84% and 76.19% in Group G1B, G2A and G2B patients. Interesting fact to note here is higher efficacy of FDC in G2B patients which were diagnosed with vancomycin resistant MRSA isolate infections. The higher efficacies of FDC may be attributed to various mechanisms through which FDC target various resistance mechanisms in MRSA strains [35] - [39] . However, for the remaining patients which did not respond to the FDC (either empirically/ shift of therapy), FDC + colistin combination therapy was required to achieve the clinical success. The clinical success achieved with an additional cover of colistin indicate the superiority of combination therapy over mono-therapy consisting of combinations of antibacterials having different mode of actions. The use of FDC as an alternative to the vancomycin makes sense not only because of the proved and/ or proposed mechanisms by which it targets the resistant MRSA, but also because of the lack of safe and efficacious alternative to vancomycin. One of the most studied drug, considered as an alternative to vancomycin is linezolid. Despite the apparent advantages of linezolid in the treatment of MRSA infections, concerns about safety often limit its use. Of particular concern is the association of linezolid with serotonin toxicity and thrombocy- [49] . The other recommended alternative for vancomycin is clindamycin. However, the use of clindamycin is limited by its bacteriostatic nature and high resistance rates among the MRSA strains. Along with this, the data supporting the use of clindamycin in severe MRSA infections are mostly limited to the paediatric population [50] and older reports describing its efficacy in bone and joint infections [51] . Overall, responses paralleled clinical responses and MRSA eradication at the end of the therapy in empirical FDC treated groups was 30.84% and 76.19% greater than empirical vancomycin treated groups in vancomycin, FDC susceptible and vancomycin resistant, FDC susceptible MRSA isolates respectively. Along with better microbiological and clinical responses, there was a significant difference in the complete treatment failure rates in patients treated with these drugs. The complete treatment failure rates in FDC treated patients was significantly low (6.57%) as compared to vancomycin group (13.51%). Similar mortality rates (13.60%) were reported by Stevens et al. [52] in vancomycin treated patients with severe MRSA infections.
Conclusion
In conclusion, the empirical intravenous FDC therapy seems to be safe and well tolerated, and has higher efficacy than vancomycin in treatment of different pneumonia caused by MRSA. This retrospective study sheds light on an alternative option to use FDC along with colistin to successfully treat the patients which fail to respond to FDC monotherapy.
